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Abstract
Pediatricanxietydisordershavehighprevalenceratesandmorbidityandareassociatedwithconsiderable
functional impairment and distress. They may be predictors for the development of other psychiatric
disorders and, without intervention, are more likely to persist into adulthood. While evidence-based
pharmacological and behavioral interventions are currently available, there remains a sizable subset of
youth who remain only partially treatment-responsive and therefore symptomatic following treatment.
Novel methods of treatment, pharmacologic and non-pharmacologic, including acceptance and
commitment therapy (ACT), attention bias modification (ABM), d-cycloserine (DCS) augmentation of
cognitive behavioral treatment (CBT), and glutamatergic agents such as riluzole, are briefly introduced
and discussed.
Introduction and context
Anxiety disorders in the pediatric population occur
frequently, with prevalence rates of 10% to 20% [1,2].
While developmentally appropriate worry and fear are
common in children and adolescents, clinically signifi-
cant levels of anxiety can be chronic and disabling [3].
Pediatric anxiety disorders have high levels of comorbid-
ity with other anxiety disorders, depression, and dis-
ruptive behavior disorders and are associated with
significant psychosocial impairment as well as increased
likelihood of substance abuse and suicidal behavior
[3-8]. When left untreated, anxiety in childhood is a
predictor for anxiety disorders and major depression
later in life [7].
CBT and selective serotonin reuptake inhibitors (SSRIs)
have emerged as the most empirically robust treatment
modalities for pediatric anxiety disorders [9]. Monother-
apy and combination therapy (SSRIs + CBT) have been
demonstrated to be efficacious in large comparative trials;
one multisite study reported treatment response rates
of 81% for sertraline + CBT combination therapy, 60%
for CBT monotherapy, and 55% for sertraline mono-
therapy, relative to a 24% response rate for placebo [10].
While CBT and SSRIs are considered first-line treatment
for youth with anxiety, up to 50% continue to meet
criteria for anxiety disorder after treatment [1,2,11]. For
thisreason,researchhas soughtmethods bothtoaugment
currently available treatments as well as to develop
alternative modalities to treat pediatric anxiety disorders.
This report presents emerging evidence for new treatment
methods that have shown promising results as potential
interventions for youth with anxiety disorders (Table 1).
Non-pharmacological interventions
Acceptance and commitment therapy
The extant literature regarding ACT has demonstrated
empirical efficacy. Favorable results in adult trials [12,13]
have spurred discussion regarding the application and
utility of ACT for the treatment of pediatric anxiety
disorders. Whereas CBT focuses on the content of
cognitions and seeks to alter these thoughts, ACT is
concerned about the process and function of thoughts
in specific contexts [14,15]. ACT seeks to increase
psychological flexibility through cognitive defusion and
acceptance [14]. Individuals are encouraged to recognize
thoughts as simply thoughts, which are not necessarily
rooted in reality or truth [16]. Additionally, experiential
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experiences (e.g. thoughts, emotions, and physiological
sensations), is considered unproductive and counter to
acceptance. Rather than direct symptom reduction, the
goal of treatment is to engage in behaviors that will
facilitate living a life that reflects the individual’sv a l u e s ,
and as a side effect of this goal, symptoms associated with
psychiatric disorders may subside [17].
Arguments against using ACT in the pediatric population
note that requisite concepts are too complex and abstract
for children and adolescents to grasp. However, several
reports note the successful application of ACT in the
treatment of various pediatric populations [18-20].
Studies have also demonstrated that therapy based on
mindfulness (which is a core component of ACT) is
effective in reducing anxiety symptoms in children and
adolescents [21,22]. Still, a dearth of empirical research
has specifically examined ACT for pediatric anxiety
disorders. In a case study, the anxiety and obsessive
thoughts of an 18-year-old female with moderate mental
retardation were treated with a 17-session ACT protocol
that was modified for her developmental level [23].
Following treatment, the patient experienced decreased
experiential avoidance, increased social confidence, and
decreased duration of anxiety “episodes”.C u r r e n t l y ,a
randomized controlled study is under way to examine the
efficacyofACT relativetoCBT andwait-list controlgroups
delivered via group therapy in the treatment of pediatric
anxiety disorders [24]. This study will elucidate both the
feasibility and efficacy of ACT in treating pediatric anxiety
disorders and will help clinicians determine the best
course of treatment for this population.
Attention bias modification
Attention biases toward threat-related stimuli are postu-
lated to contribute to the etiology and maintenance of
anxiety disorders [25,26]. Because of this, research has
strivedtoimplementABMtechniquestoretrainattention
biases away from threat. Most frequently, a computer-
based dot-probe task is used, and the difference in
response times in the identification of a visual probe
whenpairedwiththreateningorneutralstimuliisusedas
the attention bias index [27,28]. Faster response times
when the threatening stimuli are presented indicate an
attention bias toward threat; these findings have been
consistently demonstrated in both adults and children
with anxiety [25,29,30]. ABM then implicitly retrains
attention away from threatening stimuli by repeatedly
presenting the visual probe over the neutral stimuli.
Computerized ABM provides a systematic intervention
that may be more palatable for youth who may find
standard CBT or psychotherapy to be aversive.
Several studies have examined the efficacy of ABM in
children with anxiety. In a study of chronically anxious
children (mean age of 10 years), 2 sessions of ABM
resulted in increased attention disengagement from
threat, and anxious children were better able to shift
their attention away from threatening stimuli [31]. In
a randomized controlled trial (RCT) with clinically
anxious children (ages 8 to 14 years) with primary
separation anxiety, social phobia, or specific phobia,
four sessions of ABM were successful in reducing clinician
severity ratings of pediatric anxiety symptoms [32]. A
case series reported downward trends of anxiety ratings
from pre- to post-treatment following 8 sessions of ABM
with anxious children who were deemed non-responders
to a 12- to 14-week trial of CBT [33].
The clinical utility of ABM as an adjunct to CBT has also
been examined. In a study of youth ages 13 to 17 years in
a residential unit for severe anxiety, those who received
ABM in addition to daily (weekday) CBT had significantly
Table 1. Published reports on novel non-pharmacological intervention for anxiety disorders in youth
Targeted symptoms Treatment Author Design Post-treatment results
Anxiety and obsessive thoughts ACT Brown and Hooper [23] Case study; n = 1; age:
18 years; 17 sessions
Decreased experiential
avoidance, increased social
confidence, and decreased
duration of anxiety episodes
Chronic anxiety ABM Bar-Haim et al. [31] RCT; n = 34; ages:
8-14 years; 2 sessions
Reduction in threat bias in
ABM group
Separation anxiety, social
phobia, specific phobia, and
generalized anxiety disorder
ABM Eldar et al. [32] RCT; n = 40; ages:
8-14 years; 4 sessions
ReductioninthreatbiasinABM
group; significant reductions in
anxiety symptoms in ABM
group but no differences in
control group
CBT-resistant separation
anxiety, social phobia
ABM-adjunctive CBT Bechor et al. [33] Case series, n = 6; ages:
13-17 years; 8 sessions
Baselinethreatbiasnotuniform
in group; significant reductions
in child-rated anxiety and
parent-rated anxiety
ABM, attention bias modification; ACT, acceptance and commitment therapy; CBT, cognitive behavioral therapy; RCT, randomized controlled trial.
Page 2 of 6
(page number not for citation purposes)
F1000Prime Reports 2014, 6:30 http://f1000.com/prime/reports/m/6/30greater reductions in anxiety symptoms at post-treatment
relative to those who received CBT alone [34]. A recent
RCT examined the efficacy of ABM-augmented CBT rela-
tive to placebo-augmented CBT and CBT monotherapy.
Whereas both ABM and placebo groups showed signifi-
cantly greater reductions in clinical ratings relative to
the CBT-only group, only the active ABM group had
significant reductions in parent- and self-rated anxiety
measures [35].
Pharmacological interventions
Cognitive enhancers
Central glutamatergic systems have been implicated in
the pathophysiology of various anxiety disorders [36].
N-methyl-D-aspartate (NMDA) subtype glutamate
receptor-mediated facilitation in the basolateral amyg-
dala has been suggested as a potential mechanism for the
more rapid acquisition and retention of fear extinction.
NMDA receptors have an established role in the
induction of many forms of neuroplasticity best seen in
long-term potentiation (LTP) [37-41]. In sum, glutama-
tergic activity at the NMDA receptor seems to be critically
involved in the neural mechanisms of learning and
memory [42]. Therefore, interest in pharmacological
agents that target glutamatergic sites has increased in
recent years.
Riluzole
Riluzole, an anti-glutamatergic agent, has been examined
for its anxiolytic effects on anxiety disorders [43]. Several
open-label trials in adults examining riluzole as mono-
therapy or an adjunct therapy have resulted in significant
reductions in anxiety symptoms after treatment [44,45].
Amongstudieswithyouth,riluzoleas anaugmentation to
pharmacotherapy was examined in a 12-week open-label
study for children (ages 8 to 16 years) with treatment-
resistant obsessive-compulsive disorder (OCD) [46]. At
post-treatment, substantial OCD symptom reduction was
found in 4 out of the 6 participants. However, a 12-week
RCT of adjunctive riluzole among 60 treatment-resistant
youth (ages 7 to 17 years old) with OCD failed to find
significant differences between riluzole and placebo-
augmented groups; however, this may be due to
methodological limitations (e.g. sample characteristics
and high rates of concomitant medications) [47]
D-cycloserine
In the treatment of specific anxiety disorders, particularly
OCD, a core component of therapy is exposure and
response prevention (E/RP). In E/RP, individuals are
systematically exposed to fearful stimuli and prevented
from engaging in unhelpful behaviors that will reduce
anxiety (e.g. compulsions and avoidance behaviors).
Repeated exposure to the fearful stimuli facilitates fear
extinction, in which over time, the individual eventually
experiences habituation (i.e. substantial decrease in anxiety
by the end of the exposure) [48]. Although CBT with E/RP
is a robust and efficacious treatment for pediatric OCD
[49,50], recent studies have focused on ways to augment
E/RP with DCS. DCS is an NMDA partial agonist that has
been shown to enhance fear extinction learning in both
animals and humans [51-53]. In adult trials, DCS
demonstrated augmenting effects in the treatment of
specific phobia of heights, social phobia, panic disorder,
and OCD [54-59]. Additionally, DCS increased the
overall speed of treatment effects; in a study of adults
with OCD, those in the DCS group had reductions in
symptoms six times faster in the first half of treatment
relative to those who did not receive DCS [60].
In youth, only one published study has examined DCS as
an adjunct to E/RP [61]. Amongst children with OCD (ages
8 to 17 years), no significant differences were found
between the DCS-augmented E/RP group and the CBT-
alone group; however, the DCS-augmented E/RP group
showedsmalltomoderate treatmenteffects(d= 0.31-0.47)
on primary OCD outcome measures. Currently, a National
Institute of Mental Health-funded multi-site study is being
conducted to further examine the augmenting effects of
DCS with E/RP in children with OCD. The study seeks to
recruit 150 youth between the ages of 7 to 17 years and will
provide important information regarding the incremental
effectiveness of adjunctive DCS with E/RP in a pediatric
population.
DCS is a well-tolerated pharmacological agent. Among
the eight human studies using DCS as an adjunct to
psychotherapy, there have been few to no adverse events
[57,59,61,62]. Additionally, DCS may be particularly
useful when rapid treatment gains are needed. Based on
favorable findings in the literature, further research in
the augmenting effects of DCS for behavioral treatment
in other pediatric anxiety disorders is warranted.
Conclusions
Efficacious and safe methods of treatment are available
for youth with anxiety disorders. However, a subset of
children do not benefit from standard pharmacotherapy
andbehavioralinterventions.Novelapproachesareneeded
to provide alterative options for (partially) treatment-
resistant youth, including pharmacological and
non-pharmacological methods. Translational neuroscience
is expected to open new avenues for treatment interven-
tions in the next decade.
Abbreviations
ABM, attention bias modification; ACT, acceptance and
commitment therapy; CBT, cognitive behavioral therapy;
Page 3 of 6
(page number not for citation purposes)
F1000Prime Reports 2014, 6:30 http://f1000.com/prime/reports/m/6/30DCS, d-cycloserine; E/RP, exposure and response pre-
vention; NMDA, N-methyl-D-aspartate; OCD, obsessive-
compulsive disorder; RCT, randomized controlled trial;
SSRI, selective serotonin reuptake inhibitor.
Disclosures
The authors declare that they have no disclosures.
References
1. Rapee RM, Schniering CA, Hudson JL: Anxiety disorders during
childhood and adolescence: origins and treatment. Annu Rev
Clin Psychol 2009, 5:311-41.
2. Silverman WK, Pina AA, Viswesvaran C: Evidence-based psycho-
social treatments for phobic and anxiety disorders in children
and adolescents. J Clin Child Adolesc Psychol 2008, 37:105-30.
3. Bittner A, Egger HL, Erkanli A, Jane Costello E, Foley DL, Angold A:
What do childhood anxiety disorders predict? J Child Psychol
Psychiatry 2007, 48:1174-83.
4. Brady EU, Kendall PC: Comorbidity of anxiety and depression in
children and adolescents. Psychol Bull 1992, 111:244-55.
5. Strauss CC, Frame CL, Forehand R: Psychosocial impairment
associated with anxiety in children. J Clin Child Psychol 1987,
16:235-9.
6. Compton WM, Thomas YF, Stinson FS, Grant BF: Prevalence,
correlates, disability, and comorbidity of DSM-IV drug abuse
and dependence in the United States: results from the
national epidemiologic survey on alcohol and related condi-
tions. Arch Gen Psychiatry 2007, 64:566-76.
7. Pine DS, Cohen P, Gurley D, Brook J, Ma Y: The risk for early-
adulthood anxiety and depressive disorders in adolescents
with anxiety and depressive disorders. Arch Gen Psychiatry 1998,
55:56-64.
8. Boden JM, Fergusson DM, Horwood LJ: Anxiety disorders and
suicidal behaviours in adolescence and young adulthood:
findings from a longitudinal study. Psychol Med 2007, 37:431-40.
9. Connolly SD, Bernstein GA: Practice parameter for the
assessment and treatment of children and adolescents with
anxiety disorders. J Am Acad Child Adolesc Psychiatry 2007,
46:267-83.
10. Walkup JT, Albano AM, Piacentini J, Birmaher B, Compton SN,
Sherrill JT, Ginsburg GS, Rynn MA, McCracken J, Waslick B, et al.:
Cognitive behavioral therapy, sertraline, or a combination in
childhood anxiety. N Engl J Med 2008, 359:2753-66.
11. Compton SN, March JS, Brent D, Albano AMt, Weersing R, Curry J:
Cognitive-behavioral psychotherapy for anxiety and depres-
sive disorders in children and adolescents: an evidence-based
medicine review. J Am Acad Child Adolesc Psychiatry 2004, 43:930-59.
12. Forman EM, Herbert JD, Moitra E, Yeomans PD, Geller PA:
A randomized controlled effectiveness trial of acceptance
and commitment therapy and cognitive therapy for anxiety
and depression. Behav Modif 2007, 31:772-99.
13. Dalrymple KL, Herbert JD: Acceptance and commitment
therapy for generalized social anxiety disorder: a pilot
study. Behav Modif 2007, 31:543-68.
14. Hayes SC, Luoma JB, Bond FW, Masuda A, Lillis J: Acceptance and
commitment therapy: model, processes and outcomes. Behav
Res Ther 2006, 44:1-25.
15. Hayes SC, Strosahl KD, Wilson KG: Acceptance and Commitment
Therapy: An experiential approach to behavior change. New York:
Guilford Press; 1999.
16. Greco LA, Glackledge JT, Coyne LW, Ehrenreich J: Integrating
acceptance and mindfulness into treatments for child and
adolescent anxiety disorders: acceptance and commitment
therapy as an example. In Acceptance and Mindfulness-based
Approaches to Anxiety: Conceptualisation and Treatment. Edited by
Orsillo SM, Roemer L. New York, USA: Springer; 2005, 301-22.
17. Coyne LW, McHugh L, Martinez ER: Acceptance and commitment
therapy (ACT): advances and applications with children,
adolescents, and families. Child Adolesc Psychiatr Clin N Am 2011,
20:379-99.
18. WicksellRK,DahlJ,MagnussonB,OlssonGL:Usingacceptanceand
commitment therapy in the rehabilitation of an adolescent
femallewithchronicpain:a caseexample.CognBehavPract2005,
12:415-23.
19. Heffner M, Sperry J, Eifert GH, Detweiler M: Acceptance and
commitment therapy in the treatment of an adolescent
female with anorexia nervosa: a case example. Cogn Behav Pract
2002, 9:232-6.
20. Metzler CW, Biglan A, Noell J, Ary DV, Ochs L: A of a bhavioral
intervention to reduce high-risk sexual behavior among
adoescents in STD clinics. Behavr Ther 2000, 31:27-54.
21. Burke CA: Mindfulness-based approaches with children and
adolescents: a preliminary review of current research in an
emergent field. J Child Fam Stud 2010, 19:133-44.
22. Semple RJ, Reid EF, Miller L: Treating anxiety with mindfulness:
An open trial of mindfulness training for anxious children.
J Cogn Psychother 2005, 19:379-92.
23. Brown FJ, Hooper S: Acceptance and Commitment Therapy
(ACT) with a learning disabled young person experiencing
anxious and obsessive thoughts. J Intellect Disabil 2009,
13:195-201.
24. Swain J, Hancock K, Dixon A, Koo S, Bowman J: Acceptance and
commitment therapy for anxious children and adolescents:
study protocol for a randomized controlled trial. Trials 2013,
14:140.
25. Bar-Haim Y, Lamy D, Pergamin L, Bakermans-Kranenburg MJ, van IMH:
Threat-related attentional bias in anxious and nonanxious
individuals: a meta-analytic study. Psychol Bull 2007, 133:1-24.
26. MacLeod C, Rutherford E, Campbell L, Ebsworthy G, Holker L:
Selective attention and emotional vulnerability: assessing the
causal basis of their association through the experimental
manipulation of attentional bias. JAbnormPsychol2002, 111:107-23.
27. MacLeod C, Mathews A, Tata P: Attentional bias in emotional
disorders. J Abnorm Psychol 1986, 95:15-20.
28. Pine DS: Research review: a neuroscience framework for
pediatric anxiety disorders. J Child Psychol Psychiatry 2007,
48:631-48.
29. Vasey MW, el-Hag N, Daleiden EL: Anxiety and the processing of
emotionally threatening stimuli: distinctive patterns of selec-
tive attention among high- and low-test-anxious children. Child
Dev 1996, 67:1173-85.
30. Telzer EH, Mogg K, Bradley BP, Mai X, Ernst M, Pine DS, Monk CS:
Relationship between trait anxiety, prefrontal cortex, and
attention bias to angry faces in children and adolescents. Biol
Psychol 2008, 79:216-22.
31. Bar-Haim Y, Morag I, Glickman S: Training anxious children to
disengage attention from threat: a randomized controlled
trial. J Child Psychol Psychiatry 2011, 52:861-9.
32. Eldar S, Apter A, Lotan D, Edgar KP, Naim R, Fox NA, Pine DS,
Bar-Haim Y: Attention bias modification treatment for
Page 4 of 6
(page number not for citation purposes)
F1000Prime Reports 2014, 6:30 http://f1000.com/prime/reports/m/6/30pediatric anxiety disorders: a randomized controlled trial.
Am J Psychiatry 2012, 169:213-20.
33. Bechor M, Pettit JW, Silverman WK, Bar-Haim Y, Abend R, Pine DS,
Vasey MW, Jaccard J: Attention Bias Modification Treatment
for children with anxiety disorders who do not respond to
cognitive behavioral therapy: a case series. J Anxiety Disord 2014,
28:154-9.
34. Riemann BC, Kuckertz JM, Rozenman M, Weersing VR, Amir N:
Augmentation of youth cognitive behavioral and pharmaco-
logical interventions with attention modification: a prelimin-
ary investigation. Depress Anxiety 2013, 30:822-8.
35. Shechner T, Rimon-Chakir A, Britton JC, Lotan D, Apter A, Bliese PD,
Pine DS, Bar-Haim Y: Attention bias modification treatment
augmenting effects on cognitive behavioral therapy in
children with anxiety: randomized controlled trial. J Am Acad
Child Adolesc Psychiatry 2014, 53:61-71.
36. Chakrabarty K, Bhattacharyya S, Christopher R, Khanna S:
Glutamatergic dysfunction in OCD. Neuropsychopharmacology
2005, 30:1735-40.
37. Song I, Huganir RL: Regulation of AMPA receptors during
synaptic plasticity. Trends Neurosci 2002, 25:578-88.
38. Lee HK, Barbarosie M, Kameyama K, Bear MF, Huganir RL:
Regulation of distinct AMPA receptor phosphorylation sites
during bidirectional synaptic plasticity. Nature 2000, 405:955-9.
39. Lisman J, Malenka RC, Nicoll RA, Malinow R: Learning mechan-
isms: the case for CaM-KII. Science 1997, 276:2001-2.
40. Morishita W, Connor JH, Xia H, Quinlan EM, Shenolikar S,
Malenka RC: Regulation of synaptic strength by protein
phosphatase 1. Neuron 2001, 32:1133-48.
41. Malinow R, Malenka RC: AMPA receptor trafficking and
synaptic plasticity. Annu Rev Neurosci 2002, 25:103-26.
42. Davis M, Myers KM: The role of glutamate and gamma-
aminobutyric acid in fear extinction: clinical implications for
exposure therapy. Biol Psychiatry 2002, 52:998-1007.
43. Zarate CA, Manji HK: Riluzole in psychiatry: a systematic
review of the literature. Expert Opin Drug Metab Toxicol 2008,
4:1223-34.
44. Coric V, Taskiran S, Pittenger C, Wasylink S, Mathalon DH,
Valentine G, Saksa J, Wu YT, Gueorguieva R, Sanacora G, et al.:
Riluzole augmentation in treatment-resistant obsessive-
compulsive disorder: an open-label trial. Biol Psychiatry 2005,
58:424-8.
45. Matthew SJ, Amiel JM, Coplan JD, Fitterling HA, Sackeim HA,
Gorman JM: Open-label trial of riluzole in generalized anxiety
disorder. Am J Psychiatry 2005, 162:2379-81.
46. Grant P, Lougee L, Hirschtritt M, Swedo SE: An open-label trial of
riluzole, a glutamate antagonist, in children with treatment-
resistant obsessive-compulsive disorder. J Child Adolesc Psycho-
pharmacol 2007, 17:761-7.
47. Grant PJ, Joseph LA, Farmer CA, Luckenbaugh DA, Lougee LC,
Zarate CA, Jr., Swedo SE: 12-Week, placebo-controlled trial of
add-on riluzole in the treatment of childhood-onset
obsessive-compulsive disorder. Neuropsychopharmacology 2013,
[Epub ahead of print].
48. Dar R, Greist JH: Behavior therapy for obsessive compulsive
disorder. Psychiatric Clincs of North America 1992, 15:885-94.
49. StorchEA, Geffken GR, Merlo LJ, Mann G,DukeD,Munson M, AdkinsJ,
Grabill KM, Murphy TK, Goodman WK: Family-based cognitive-
behavioral therapy for pediatric obsessive-compulsive disor-
der: comparison of intensive and weekly approaches. J Am Acad
Child Adolesc Psychiatry 2007, 46:469-78.
50. POTS: Cognitive-behavior therapy, sertraline, and their
combination for children and adolescents with obsessive-
compulsive disorder: the Pediatric OCD Treatment Study
(POTS) randomized controlled trial. JAMA 2004, 292:1969-76.
51. Walker DL, Ressler KJ, Lu KT, Davis M: Facilitation of conditioned
fear extinction by systemic administration or intra-amygdala
infusions of D-cycloserine as assessed with fear-potentiated
startle in rats. J Neurosci 2002, 22:2343-51.
52. Ledgerwood L, Richardson R, Cranney J: Effects of D-cycloserine on
extinctionofconditionedfreezing.BehavNeurosci2003,117:341-9.
53. NorbergMM,KrystalJH,TolinDF:Ameta-analysisofD-cycloserine
and the facilitation of fear extinction and exposure therapy. Biol
Psychiatry 2008, 63:1118-26.
54. Guastella AJ, Lovibond PF, Dadds MR, Mitchell P, Richardson R: A
randomized controlled trial of the effect of D-cycloserine on
extinction and fear conditioning in humans. Behav Res Ther
2007, 45:663-72.
55. Guastella AJ, Richardson R, Lovibond PF, Rapee RM, Gaston JE,
Mitchell P, Dadds MR: A randomized controlled trial of
D-cycloserine enhancement of exposure therapy for social
anxiety disorder. Biol Psychiatry 2008, 63:544-9.
56. Otto MW, Tolin DF, Simon NM, Pearlson GD, Basden S, Meunier SA,
Hofmann SG, Eisenmenger K, Krystal JH, Pollack MH: Efficacy of
d-cycloserine for enhancing response to cognitive-behavior
therapy for panic disorder. Biol Psychiatry 2010, 67:365-70.
57. Ressler KJ, Rothbaum BO, Tannenbaum L, Anderson P, Graap K,
Zimand E, Hodges L, Davis M: Cognitive enhancers as adjuncts to
psychotherapy: use of D-cycloserine in phobic individuals to
facilitate extinction of fear. Arch Gen Psychiatry 2004, 61:1136-44.
58. Hofmann SG, Meuret AE, Smits JA, Simon NM, Pollack MH,
Eisenmenger K, Shiekh M, Otto MW: Augmentation of exposure
therapy with D-cycloserine for social anxiety disorder. Arch
Gen Psychiatry 2006, 63:298-304.
59. Wilhelm S, Buhlmann U, Tolin DF, Meunier SA, Pearlson GD,
Reese HE, Cannistraro P, Jenike MA, Rauch SL: Augmentation of
behavior therapy with D-cycloserine for obsessive-compulsive
disorder. Am J Psychiatry 2008, 165:335-41 quiz 409.
60. Chasson GS, Buhlmann U, Tolin DF, Rao SR, Reese HE, Rowley T,
Welsh KS, Wilhelm S: Need for speed: Evaluating slopes
Page 5 of 6
(page number not for citation purposes)
F1000Prime Reports 2014, 6:30 http://f1000.com/prime/reports/m/6/30of OCD recovery in behavior therapy enhanced with
d-cycloserine. Behav Res Ther 2010, 48:675-9.
61. Storch EA, Murphy TK, Goodman WK, Geffken GR, Lewin AB,
Henin A, Micco JA, Sprich S, Wilhelm S, Bengtson M, Geller DA:
A preliminary study of d-cycloserine augmentation of cog-
nitive-behavioral therapy in pediatric obsessive-compuls-
ive disorder. Biol Psychiatry 2010, 6 6 68 8 8:1073-6.
62. Kushner MG, Kim SW, Donahue C, Thuras P, Adson D, Kotlyar M,
McCabe J, Peterson J, Foa EB: D-cycloserine augmented
exposure therapy for obsessive-compulsive disorder. Biol
Psychiatry 2007, 62:835-8.
Page 6 of 6
(page number not for citation purposes)
F1000Prime Reports 2014, 6:30 http://f1000.com/prime/reports/m/6/30